Sixteen strains of Klebsiella oxytoca isolated from fecal specimens of 11 patients with acute and convalescent phases of antibiotic-associated hemorrhagic colitis (AAHC), 19 strains of K. oxytoca from clinical specimens of patients with other diseases , and 2 type strains were examined for cytotoxicity and enterotoxicity . Twentyone (57%) out of 37 culture supernatants of K. oxytoca strains were cytotoxic to at least one of the cultured cell lines (CHO, HeLa, HEp-2, TCMK-1, and Vero) tested (maximum titer : 5 or 10) . The cytotoxic substance was moderately heat-stable and its molecular weight appeared to be less than 1,000. Such cytotoxic substance was found both in the strains from AAHC patients and the control strains of K. oxytoca. However, none of the culture supernatants demonstrated enterotoxicity in the rabbit ligated ileal loop test and the suckling mouse assay. From our results it remained to be determined whether the cytotoxic substance of K. oxytoca has any role in the pathogenesis of AAHC.
Antibiotic-associated colitis can be divided into two groups according to its clinical features. One group is antibiotic-associated pseudomembranous colitis , known to be caused by the toxigenic bacterium Clostridium difficile (2 , 3, 13, 19) , although rare cases are caused by staphylococci (4) or Clostridium perfringens (17) . The other group is antibiotic-associated hemorrhagic colitis (AAHC) without pseudomembranes, which occurs after administration of broad-spectrum betalactam antibiotics such as ampicillin (9 , 16, 21) . In Japan, Klebsiella oxytoca has been frequently detected as a predominant organism from bloody stool specimens of patients with AAHC (16, 20, 22) . Colonoscopy in cases with AAHC shows mucosal erythema and erosion without pseudomembranes . Patients recover within a short period without specific therapy after withdrawal of antibiotics . While some investigators (1, 7, 18) 60°C for 30 min or at 100°C for 15 min. The supernatant was also filtrated sequentially through DIAFLO ultra-filtration membrane (YM-2, molecular weight cutoff, 1,000, Amicon Corp., Lexington, Mass.) and both the filtrate arid the retentate were also tested for cytotoxicity. Assay for enterotoxicity. Both live cultures and culture supernatants were tested for ability to stimulate fluid accumulation in the ligated rabbit ileal loop according to the method of De and Chatterjee (6) with a slight modification. The ileal specimens were taken from Japanese albino rabbits weighing ca. 1..8 kg (Saitama Experimental Animals Supply Co., Saitama) . The results were considered valid only if the positive and negative controls showed appropriate responses.
Culture supernatants were also tested for enterotoxicity by the suckling mouse assay as previously described (9) . ICR suckling mice 2-3 days old (Charles River Japan Inc., Atsugi, Kanagawa) were used in the assay.
Antimicrobial susceptibility test. The minimum inhibitory concentrations (MICs) were determined by the agar dilution method established by Japan Society of Chemotherapy (11) .
Plasmid detection procedure. Plasmids were extracted using the method described by Kado and Liu (12) with a slight modification and detected by a.garose gel electrophoresis.
RESULTS

Identification of K. oxytoca
There were differences among K. oxytoca strains in the production of pigment on DHL agar and the fermentation of dulcitol and melezitose. Almost all of the strains isolated from bloody diarrhea in the acute phase of AAHC produced brown pigment and fermented dulcitol and melezitose. None of the K. oxytoca strains were hemolytic on blood agar containing blood from human, sheep, horse, ox, rabbit, chicken, or guinea pig.
Cytotoxicity
Cytotoxicity of culture supernatants of K. oxytoca on five cultured cell lines is shown in Table 1 . No significant differences in positive rates of cytotoxicity on the tissue culture cells except for HEp-2 cells were found between K. oxytoca strains isolated from the AAHC patients and from control patients. The cytotoxicity titers of K. oxytoca to tissue culture cells (the titer ranged from 5 to 10), however, were much lower than that of C. diJiicile (titer, 1280) . Morphological changes in five tissue culture cells, commonly characterized by cell rounding, began at 24 hr and reached a maximum at 48-72 hr after inoculation of the preparation (Fig. 1) . On the other hand, none of the 6 clinical isolates of K. pneumoniae and K. pneumoniae ATCC 13883 were cytotoxic to the five cultured cell lines used. The cytotoxicity of the culture supernatants of K. oxytoca was not affected by heat treatment at 60°C for 30 min, but abolished by treatment at 100°C for 15 min. Cytotoxicity was present in the YM-2 membrane filtrates, but none was found in the YM-2 retentates, suggesting that the molecular weight of the cytotoxic substance is less than 1,000 .
Ligated Ileal Loop Test and Suckling Mouse Assay
Both live organisms (3 x 109 cells/loop) and culture supernatants of K . oxytoca strains including the reference strains did not cause or caused only moderate and marginal accumulation of clear or a slightly bloody viscous fluid (volume of fluid/ length of loop ratio; <1.0) in the rabbit ligated ileal loops . All of K. oxytoca strains or K. pneumoniae ATCC 13883 were negative in the suckling mouse assay (the ratio of gut weight to remaining body weight: <0.070). 
